Claims: 



A^^saethod of detecting a predetermined mark embedded in an image, said mark 
(comprising a pre^termined arrangement of a plurality of elements, each element having 
a predetermined colo^ characteristic and predetermined shape, the method comprising 
the steps of: 

processing the irJ^age to provide an encoded representation of the image at a 
predetermined resolution; 

detecting coordinate positions for substantially each of said elements of the mark 
embedded in the image, wher&n the detection is characterised by applying at least one 
mask to substantially each pixel of the encoded representation; 

determining from said cqprdinate positions a set of spatial features representing a 
spatial arrangement of the detected elements; and 

comparing the determined set of spatial features to a known set of spatial 
features to provide a confidence level measure for a degree of matching between the 
known set and the determined set of s\atial features. 



2. The method of claim 1, wherein the spatial features are features indicating an 

angular distribution about a predetermined origin for each mark. 



3. 



The method of claim 2, wherein me features indicating said angular distribution 



comprise a signature indicating a discrete angular distribution about said origin. 



—^4. Apparatus for db^cting a predetermined mark embedded in an image, said mark 

comprising a predeterminedyarrangement of a plurality of elements, each element having 
a predetermined colour characteristic and predetermined shape, the apparatus comprising: 
processing means forVrocessing the image to provide an encoded representation 
of the image at a predetermined resolution; 

itecting coordinate positions of substantially each of said 
elements of the mark embeddjSd in the image, wherein the detection is characterised by 
applying at least one mask to substantially each pixel of the encoded representation; 

spatial feature detenmining means for determining a set of spatial features 
representing a spatial arrangement of the detected elements; and 
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comparison means f©r comparing the determined set of spatial features to a 
known set of spatial features and outputting a confidence level measure for a degree of 
matching between the known s&t and the determined set of spatial features. 



5. Apparatus according to claim 4, wherein the spatial feature determining means 

\ 

comprises angular distribution means for determining an angular distribution of said mark 
elements about a predetermined origin for each mark. 

6. Apparatus accordingxto claim 5, wherein the features indicating said angular 
distribution comprise a signature indicating a discrete angular distribution about said 
origin. 

7. Apparatus according to claim 6, wherein the signature comprises a plurality of 
radial signatures, each said radial signature indicating a discrete angular distribution of 
each element in a predetermined annular region encircling said origin. 

8. Apparatus according to claim 6, wherein said comparison means compares a 
signature of the determined spatial feature with^ a corresponding signature of a known 
mark. 



V 9. A computer program product including a computer readable medium having 

Recorded thereon a con\puter program for detecting a predetermined mark embedded in an 
image, said mark compidsing a predetermined arrangement of a plurality of elements, 
each element having a predetermined colour characteristic and predetermined shape, the 
computer program product comprising: 

processing means for processing the image to provide an encoded representation 
of the image at a predetermined resolution; 

detecting means for detecting coordinate positions of substantially each of said 
elements of the mark embedded in the image, wherein the detection is characterised by 
applying at least one mask to substantially each pixel of the encoded representation; 

spatial feature determining means for determining a set of spatial features 
representing a spatial arrang< ment of the detected elements; and 

comparison means for comparing the determined set of spatial features to a 
known set of spatial featur ;s and outputting a confidence level measure for a degree of 
matching between the know n set and the determined set of spatial features. 
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10. A computer pro^vam product according to claim 9, wherein the spatial feature 
determining means comprises angular distribution for determining an angular distribution 
of said mark elements about a Ved^t^rmiJ^ed origin for each mark. 

\ 

11. A computer program product according to claim 10, wherein the features 
indicating said angular distributioiNcomprises a signature indicating a discrete angular 
distribution about said origin. \^ 

\ 

10 12. A computer program product according to claim 11, wherein the signature 
comprises a plurality of radial signatures, each said radial signature indicating a discrete 
angular distribution of each element in a predetermined annular region encircling said 
origin. 

15 13. A computer program product according toVlaim 11, wherein said comparison 
means compares a signature of the determined sparial feature with a corresponding 
signature of a known mark. 

14. Apparatus for providing an encoded representation of image data, said image 
20 data comprising a pluralitVof pixels, each said pixel being represented using multiple 
colour channels, said apparatu^comprising: 

pixel buffer pipe means^having an input means for receiving said image data in a 
predetermined order and for detecting transitions between foreground and background 
pixels; 

25 a pixel selection means fir subsampling said image data in a first direction in 

accordance with an intensity of onpgaid colour channel of the image data to provide a 
first desired resolution in said first cfirection; 

foreground density checking means for receiving said one colour channel and 
outputting: 

30 a) if an intensity v ilue of one said colour channel is below a first 

iue, a first token; 

b) if the intensity Aalue of said one colour channel is above a second 
predetermined threshoLa value, a second token; or 

c) if the intensity value of said one colour channel is intermediate the first 
35 and second thresh^fld values: 
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ca>.^ the first token when a transition is detected at the pixel buffer 
pipe nib^s; and 

cb) theSsecond token when a transition is not detected at the pixel 
buffer pipe means; 

encoding means for receiving at least one other of said colour channels and 
selectively grouping each pixel represented in said at least one other colour channel into 
one group of a plurality foreground oplour groups if the output of said foreground density 
checking means is the first token ana grouping into a background colour group if the 
output of said foreground density checking means is the second token, said encoding 
means outputting for each pixel a representation of the corresponding group; and 

output buffer means for receiving said representation and providing a 
subsampling in a second direction of tlje image data to achieve a second desired 
resolution in said second direction. 

15. Apparatus according to claim 14, wiierein further comprising subsample control 
means for further subsampling in said second direction according to a magnification value 
and an input resolution value. 



16. Apparatus according to claim 14, wherein said transition is determined by the 



pixel buffer pipe means using lead pixels and la^ 



pixels. 



17. Apparatus according to claim 14, where n said predetermined order comprises a 
raster scan order. 

18. Apparatus according to claim 17, wherein said transition is a transition from 
background pixel to foreground pixel. 

19. Apparatus according to claim 14, wherein said first and second desired 
resolutions are substantially the same resolution. 

20. A method for providing an encoded representation of image data, said image 



data comprising a plurality of pixels, each said 
colour channels, the method comprising the step 

inputting pixels in a predetermined (^rder and detecting transitions between 
foreground and background pixels; 



pixel being represented using multiple 
of; 
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I^pling in a first direction of the image data in accordance with an intensity 
of one said colouKqhannel of the image data to provide a first desired resolution in said 
first direction; 

examining said'^e colour channel and outputting: 

a) if an intensity value of said one colour channel is below a first 
predetermined threshVd value, a first token; 

b) if the intensiw value of said one colour channel is above a second 
predetermined thresholdXvalue, a second token; or 

c) if the intensity Yalue is intermediate the first and second threshold 
values: 

ca) the first tolipn when a transition is detected upon inputting said 
pixels; and 

cb) the second to^en when a transition is not detected upon inputting 
said pixels; 

encoding each said pixel by selectively grouping each said pixel represented in at 
least one other of said colour channel i into one group of a plurality foreground colour 
groups if said examining step outputs a first token and grouping into a background colour 
group if said examining step outputs Jsecond token, and outputting for each pixel a 
representation of the corresponding group; and 

subsampling in a second direc tion of the image data to achieve a second desired 
resolution in said second direction. 



21 . A method according to claim pO, wherein said transition is determined using lead 
pixels and lag pixels. 



22. A method according to claim 20, wherein said foreground pixel is a pixel having 
a colour value belonging to a predetermined set colour values and the background pixel is 
a pixel which is not a foreground pixel. 

23. A method according to clai n 20, wherein said predetermined order is raster scan 
order. 

24. A method according to cUim 20, wherein said transition is a transition from 
background pixel to foreground pix< il. 



V 
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25. A methbds^ccording to claim 20, wherein said transition is a transition from 
background pixel to foreground pixel. 



26. A computer progranvsproduct including a computer readable medium having 
recorded thereon a computer proWam for providing an encoded representation of image 
data, said image data comprising aVjurality of pixels, each pixel being represented using 
multiple colour channels, the computet program product comprising; 

pixel buffer pipe means, having, an input means for receiving said image data in a 
predetermined order and for detecting transitions between foreground and background 
pixels; 

pixel selection means for subsamMing said image data in a first direction in 
accordance with an intensity of one said colour channel of the image data to provide a 
first desired resolution in said first direction; 

foreground density examining means ^or receiving said one colour channel and 
outputting: 



a) if an intensity value of sai 
predetermined threshold value, a first tot 

b) if the intensity value of said 



one colour channel is below a first 



mo colour channel is above a second 



predetermined threshold value, a second token; or 

c) if the intensity value of said one colour channel is intermediate the first 

and second threshold values: / 

ca) the first token when a/ transition is detected at the pixel buffer 
pipe means; and / 

cb) the second token wl^en a transition is not detected at the pixel 
buffer pipe means; 

encoding means for receiving at yfeast one other of said colour channels and 
selectively grouping each pixel represented in said at least one other colour channel into 
one group of a plurality foreground colour groups if the output of said foreground density 
examining means is a first token and Grouping into a background colour group if the 
output of said foreground density checlang means is a second token, said encoding means 
outputting for each pixel a representatLon of the corresponding group; and 

output buffer means for /receiving said representation and providing a 
subsampling in a second directior^ of the image data to achieve a second desired 
resolution in said second direction. 
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27. Av^mputer program product according to claim 26, wherein said transition is 
determined byl;!^ pixel buffer pipe means using lead pixels and lag pixels. 

28. A computer\3rogram product according to claim 26, wherein said first and 
second desired resolutions are substantially the same resolution. 

29. An apparatus for processing digital data, said apparatus comprising: 

an array of logic cells,Vach said cell being individually configurable to provide a 
plurality of functions; \ 

a pipeline register, having a plurality of input means for receiving said digital 
data and for pipelining said data through said array of logic cells; 

a plurality of logic gates for detecting a desired pattern of digital data, and for 
enabling each said logic cell to perfoiVn a configured one of said fiinctions on said digital 
data. \ 

30. Apparatus according to claim 29, wherein the desired pattern is provided by said 
function configured logic cells. ^e\^ 



31. Apparatus according to claim 
plurality of flip-flop circuits in a matrix 



32. Apparatus according to claim 
said flip-flops via said logic cells whe 



29, wherein said pipeline register comprises a 
arrangement which forms a pipeline shift register. 



31, wherein said logic gates clear selected one of 
a predetermined pattern is detected. 



33. Apparatus according to claim 32, wherein said predetermined pattern is 
determined by the configuration functions and the arrangement of said flip-flop matrix 
and said logic cells. 



34. Apparatus for detecting a predetermined pattern forming part of an image, said 
image comprising a plurality of pixels, each said pixel being encoded either as a 
foreground or background pixm, said predetermined pattern being intended to 
substantially match a predetempned reference pattern, the reference pattern being 



represented by a mask arranged 
indicated thereon whether the ref 
pixels or neither, said apparatus c 



as a two dimensional array of cells, the cells having 
;rence pattern comprises foreground pixels, background 
mprising: 
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meut means for receiving a plurality of one dimensional arrays of pixel values of 
said image, wher^ki each said array being received sequentially; 

foreground a8der means for generating a plurality of partial sums of said 
foreground pixels, for eabh array of pixel values, intended to match with the reference 
pattern of the mask, wherer^ each partial sum of said foreground pixels substantially 
corresponds to an application ol^ slice of said mask; 

background adder means for generating a plurality of partial sums of said 
background pixels, for each array (of pixel values, intended to match with the reference 
pattern of the mask, wherein each partial sum of said background pixels substantially 
corresponds to the application of said sJice; 

a foreground accumulator network for providing a total foreground count value 
of said plurality of partial sums for aVpredetermined number of input arrays of pixel 
values; \ 

a background accumulator network for providing a total background count value 
of said plurality of partial sums for the predetermined number of input arrays of pixel 
values; IfV^ 

thresholding means for threshok ing the total foreground count value and the 
total background count value against first and second predetermined threshold values 
respectively and outputting a value reflecti ig each threshold comparison; and 

determining means for determining from each output value whether or not the 
predetermined pattern is detected. / 

35. Apparatus according to claim 34, wherein said image comprises a plurality of 
scan lines, each said scan line having a plurality of pixel values and said one dimensional 
array comprises a predetermined numhjer of pixel values of corresponding locations on a 
plurality of adjacent scan lines. / 

36. Apparatus according to claim 34, wherein said apparatus forms a pipeline circuit 
for pipelining the sequence of one dimensional arrays. 

37. A method of detecting a predetermined pattem forming part of an image, said 
image comprising a plurality of pixels, each said pixel being encoded either as a 
foreground or background pixel, paid predetermined pattem substantially matching a 
predetermined reference pattem, trie reference pattem being representable by a mask 
arranged as a two dimensional array of cells, each cell having indicated thereon whether 
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the cell is a foregj^nd pixel, background pixel or neither, the method comprising the 
steps of: 

providing a plurhJity of one dimensional arrays of pixel values of said image, 
wherein each array is provicTed sequence; 

generating a pluralitV of partial sums of foreground pixels for a current one 
dimensional array of pixel val\es which match with foreground cells of the reference 
pattern of a slice of the mask; 

generating a plurality of partial sums of background pixels for the current one 
dimensional array of pixel values A(hich match with background cells of the reference 
pattern of said slice of the mask; 

accumulating the partial sum^ of foreground pixels for a predetermined number 
of input one dimensional arrays of pixel values to provide a total foreground count value; 

accumulating the partial sums of background pixels for a predetermined number 
of input one dimensional arrays of pixel values to provide a total backgroimd count value; 

thresholding the total foregrouri^ count value and the total background count 



value against a first and second predeterm 
a value reflecting each threshold comparis 
determining from each output va! 

detected. 



%ie V 



38. A method according to claim 3 
having one colour selected from a first set 
pixels having one colour selected from a s 



ned threshold value respectively and outputting 
)n; and 

e whether or not the predetermined pattern is 



7, wherein said foreground pixels are pixels 
of colour values and said background pixels are 
:cond predetermined set of colour values. 



39. A method according to claim 37, wherein each cell of the slice of the mask 
corresponds with a pixel value of the one dimensional array. 



40. A method of detecting a predetermined pattern forming part of an image, said 
image comprising a plurality of pixels, each said pixel being either on or off, said 
predetermined pattern substantially matching a predetermined reference pattern, the 
reference pattern being representame by a mask arranged as a two dimensional array of 
cells, each cell having indicate^ thereon whether the cell is on or off, the method 
comprising the steps of: 

providing a plurality cfr one dimensional arrays of pixel values of said image, 
wherein each array is provided Sequence; 
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generatirtg. a plurality of partial sums of on pixel values for a current one 
dimensional array of pi^el values which match with an on cell of the reference pattern of 
a slice of the mask; 

accumulating the partial sums for a predetermined number of input one 
dimensional arrays of pixel valutes; and 

thresholding the accummated partial sums against a predetermined threshold 
value and determining whether or r^ot the predetermined pattern is detected based on the 
threshold comparison. 



41. A computer program produdt including a computer readable medium having 
recorded thereon a computer program for detecting a predetermined pattern forming part 
of an image, said image comprising a plurality of pixels, each said pixel being encoded 
either as a foreground or background \ pixel, said predetermined pattern substantially 
matching a predetermined reference pattern, the reference pattern being represented by a 
mask arranged as two dimensional array of cells, the cells having indicated thereon 
whether the reference pattern is foregiDund pixel, background pixel or neither, the 
computer program product comprising: 

input means for receiving a plura lity of one dimensional arrays of pixel values of 
said image, wherein each array is receive( sequentially; 

crating a plurality of partial sums of foreground 
ch match with the reference pattern of the mask, 
orresponds to an application of a slice of said 



foreground adder means for gen 
pixels, for each array of pixel values, wh 
wherein each partial sum substantially 
mask; 

background adder means for generating a plurality of partial sums of background 
pixels, for each array of pixel values, vy^iich match with the reference pattern of the mask, 
wherein each partial sum of bacl^ound pixels substantially corresponds to the 
application of said shce; 

a foreground accumulator rfetwork for providing a total foreground count value 
of said plurality of partial sums fpr a predetermined number of input arrays of pixel 
values; 

a background accumulatcir network for providing a total background count value 
of said plurality of partial sum^ for the predetermined number of input arrays of pixel 
values; 
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thresholding mb^s for thresholding the total foreground count value and the 
total background count value against a first and second predetermined threshold value 
respectively and outputting a vafue reflecting each threshold comparison; and 

determining means for defermining from each output value whether or not the 
predetermined pattern is detected. 



42. A computer program product according to claim 41, wherein said image 
comprise a plurality of scan lines, each j^an line having a plurality of pixel values and 
said one dimensional array compris ;sjf^ predetermined number of pixel values of 
corresponding locations on a plurality cf adjacent scan lines. 

43. A computer program produci according to claim 41, wherein said foreground 
pixels are pixels having one colour selected from a first set of colour values and said 
background pixels are pixels having ^ne colour selected from a second predetermined set 
of colour values. 
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